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10 The present invention generally relates to digital signal encoding and 

for this purpose provides a method and a device for encoding a digital signal. 

The object of the encoding is to compress the signal, which makes it 
possible respectively to transmit the digital signal and to store it in memory 
while reducing the transmission time, or the transmission rate respectively, by 
15 reducing the space in memory that is used. 

The invention is in the field of lossy compression of digital signals. 
The digital signals considered here are of any type, for example fixed images, 
\ video, sound, or computer data. 

In what follows, the encoding and decoding of a fixed image will 
20 more particularly be considered. 

In this context, certain encoding rnodes use a path established 
between a set of digital samples. For example, French patent applications No. 
01 06933, 01 12064 and 01 13922 concern such encoding modes. 

For the encoding to be efficient, that is to say for it to have a good 
25 rate-distortion ratio, it is necessary to determine the path in an appropriate 
manner. 

Techniques exist to determine a path between a set of samples. 
These techniques are known as techniques for solving the traveling salesman 
prpblem. A review of these techniques is for example set out in the work of 
30 Gerhard Reinelt entitled "The traveling salesman, computational solutions for 
TSP applications", Springer-Verlag, 1994, 
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Generally it is desired that the result of the encoding be as compact 
as possible. Thus, in the case of encoding using a path established between a 
set of digital samples, the path is described by the shortest possible path 
5 (traveling salesman problem). The shorter the displacement vectors linking 
each point of the path, the more compact will be the result of their encoding. 

In a first aspect, the present invention provides a method and a 
device for determining a path between samples of a signal which make it 
10 possible to obtain a description of that path which is still more compact than 
with the known methods. 

To that end, the invention provides a method of encoding a set of 
data representing physical quantities, the encoding comprising forming a path 
15 between the samples of the set, the path passing a maximum of once via each 
sample location, 

characterized in that it comprises, for two given successive sample 
, locations of the path, the step of: 

- forming a vector between the two sample locations, only taking into 
20 account the intermediate sample locations not already encoded by a vector. 

The invention enables a description of that path to be obtained which 
is even more compact than with the known methods. This is because the 
vectors formed according to the invention are shorter than according to the prior 
25 art. 

According to a preferred feature, the set of data being bidimensional, 
the method comprises the prior transformation of the set of data into a second 
set of monodimensional data. 

According to an alternative preferred feature, the set of data being 
30 bidimensional, a vector is decomposed into two vectors and one of them is 
formed only taking into account the intermediate sample locations not already 
encoded by a vector. 
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According to a preferred feature, forming a vector between the two 
sample locations comprises: 

- testing all the intermediate locations between the two sample 
locations to determine whether they have already been encoded, 

5 - reducing the length of the vector as a function of the number of 

locations already encoded. 

Thus, the information already encoded is exploited in order to reduce 
the quantity of information necessary to form a path. 

According to a preferred feature, the set of data is a block formed In 
10 an initial set of data. 

According to a preferred feature, the set of data is the result of a 
DCT transformation of an initial set of data. 

The invention also relates to a method of decoding a set of data 
15 encoded by the method presented above, comprising a step of decoding the 
path, characterized in that the decoding of the path comprises the step of: 

- deducing the location of a coefficient of the path as a function of 
the preceding location, the vector between the two locations, and the locations 
already decoded. 

20 

In a complementary manner, the invention relates to a device for 
encoding a set of data representing physical quantities, comprising means for 
forming a path between the samples of the set, the path passing a maximum of 
once via each location, 
25 characterized in that it comprises: 

- means for forming a vector between two given successive locations 
of the path, only taking into account the intermediate samples not already 
encoded by a vector. 

The encoding device comprising means for implementing the 
30 encoding features presented above. 

The invention also concerns a decoding device comprising means 
for implementing the decoding features presented above. 
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The encoding device and the decoding method and device have 
sinnilar advantages to those already presented. 

The techniques for solving the traveling salesman problem use 
5 evolutionary calculation, which provides an optimum solution to the problem but 
requires a long calculation time. 

In a second aspect, the present invention aims to remedy the 
drawbacks of the prior art, by providing a method and a device for encoding 
digital data by which a path is determined more rapidly than with the prior art. 

10 

To that end, the invention provides a method of encoding digital 
samples of a set of data representing physical quantities, the encoding 
including the determination of an amplitude model and of a path between the 
samples of the set, 
1 5 characterized in that it comprises the steps of: 

- determining a number of samples to encode, 

- constructing a list comprising the determined number of samples, 
classified by decreasing amplitude. 

The invention enables the path between the samples to be 
20 determined more rapidly than according to the prior art. The deterioration of the 
compression performances (rate and distortion) is low and generally negligible. 

According to a first preferred variant, the method comprises the 

steps of: 

- determining an initial list of samples, 

25 - calculating an encoding cost as a function of the list of samples, 

- modifying the list of samples, 

the steps of calculating and modifying being reiterated to find a 
minimum encoding cost. 

Thus, according to this variant, a list of samples is determined. 
30 According to a preferred feature, the method further comprises the 

step of encoding the set of data on the basis of the list of samples which 
provides the minimum encoding cost. 



The list determined according to the invention is thus used to encode 

the data. 

According to a preferred feature, the initial list of samples comprises 
all the samples of the set of data. 
5 According to a preferred feature, the modification of the list of 

samples comprises the withdrawal of the sample of least amplitude. 

Thus, the lists envisaged will have a number of samples that 
decreases as the iterations progress. 

According to preferred features which may be combined, the 
10 encoding cost comprises the rate of the encoded data and the encoding cost 
comprises the distortion of the encoded data. The rate and distortion are 
commonly taken into account on compression of data. Among the lists 
envisaged the one which has the least encoding cost is selected to encode the 
data. The determination of that list is rapid, and its construction gives it low 
15 encoding cost. 

According to a second variant, the invention relates to a method as 
presented earlier, comprising an initialization of an evolutionary algorithm 
according to which a population of lists of samples is determined, the 
20 population comprising a predetermined number of lists, characterized in that 
the determination of the population comprises the steps of: 

- determining a first list of samples classified by decreasing 

amplitude, 

- modifying the first list by withdrawal of a predetermined number of 
25 samples of lowest amplitude, to form a second list, 

the steps of determining and modifying being reiterated by taking the 
second list of an iteration as the first list for the following iteration, provided that 
the predetermined number of lists has not been reached and that the second 
list has a non-zero number of samples. 
30 According to this variant, it is the initialization of the evolutionary 

calculation which is simplified and rendered more rapid to execute. 
Furthermore, the lists created according to the invention are generally better 
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than lists picked randomly, which means that convergence of the evolutionary 
calculation is favored. 

According to a preferred feature, the population is completed by lists 
picked randomly, if the second list formed has a zero number of samples before 
5 the predetermined number of lists has been reached. 

According to a preferred feature, the set of data is a block of 
samples formed in a larger set of data. 

According to a preferred feature, the data are a digital image. 

In a complementary manner the invention relates to a device for 
10 encoding digital samples of a set of data representing physical quantities, 
comprising means for determining an amplitude model and a path between the 
samples of the set, 

characterized in that it comprises: 

- means for determining a number of samples to encode, 
15 - means for constructing a list comprising the determined number of 

samples, classified by decreasing amplitude. 

The device according to the invention comprises means for 
implementing the features presented above and has similar advantages to 
those presented above. 

20 

Furthermore, it is desirable for the calculations to determine the 
amplitude model to be neither too long nor too complex. 

In a third aspect, the object of the present invention is to provide a 
method and device according to which the encoding of the data by an 
25 amplitude model and a path between the data is simplified. 

To that end, the invention provides a method of encoding a set of 
data representing physical quantities, the set of data comprising coefficients, 
the method comprising determining an amplitude model of the coefficients and 
30 a path between the coefficients, 

characterized in that it comprises the prior step of: 



- putting the coefficients in order as a function of their respective 
locations in the set of data. 

The invention makes it possible to encode the data using an 
amplitude model and a path formed between the data more rapidly than 
5 according to the prior art. 

According to a preferred feature, the prior step of putting the 
coefficients in order comprises putting them in order following a zig-zag path. 
This type of path is simple to implement. 

According to a preferred feature, the ordered coefficients are 
10 arranged in a one-dimensional vector. The path between the coefficients will 
then be formed in that vector. 

According to an alternative feature, the prior step of putting the 
coefficients in order comprises forming blocks of predetermined size in the set 
of data and putting the blocks formed in order according to a predetermined 
1 5 order. 

According to a preferred feature, the ordered coefficients are 
arranged in a three-dimensional table. According to this variant, the path 
between the coefficients is then formed in this table. 

According to a preferred feature, determining the amplitude model 
20 comprises classifying the coefficients by decreasing amplitude. This 
classification is simplified by the prior putting In order of the coefficients 
according to the invention. 

According to a preferred feature, the set of data is the result of a 
discrete cosine transformation of an initial set of data. 
25 According to an alternative feature, the set of data is the result of a 

discrete wavelet transformation of an initial set of data. 

The advantage of these transformations is to concentrate the most 
significant coefficients in the same region of the signal. 

The invention also relates to a method of decoding a set of data 
30 representing physical quantities encoded by the method presented earlier, 
comprising the decoding of an amplitude model of the coefficients and of a path 
between the coefficients, so as to form a first set of decoded coefficients. 
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characterized in tliat it comprises the step of: 

- putting the decoded coefficients in order as a function of their 
respective locations in the first set of decoded coefficients so as to form a 
second decoded set. 

5 According to a preferred feature, the first set of decoded coefficients 

is a one-dimensional vector and the decoded coefficients are taken from first to 
last and are arranged in a two-dimensional table following a zig-zag path. 

According to an alternative feature, the first set of decoded 
coefficients is a three-dimensional table, and the decoded coefficients are 
10 arranged in a two two-dimensional table, the levels of the three-dimensional 
table being arranged in lexicographical order. 

In a complementary manner, the invention relates to a device for 
encoding a set of data representing physical quantities, the set of data 
15 comprising coefficients, the device comprising means for determining an 
amplitude model of the coefficients and a path between the coefficients, 

characterized in that it comprises: 

- prior means for putting the coefficients in order as a function of their 
respective locations in the set of data. 

20 

The invention also relates to a device for decoding a set of data 
representing physical quantities encoded by the device presented earlier, 
comprising means for the decoding of an amplitude model of the coefficients 
and of a path between the coefficients, so as to form a first set of decoded 
25 coefficients, 

characterized in that it comprises: 

- means for putting the decoded coefficients in order as a function of 
their respective locations in the first set of decoded coefficients so as to form a 
second decoded set. 

30 The devices according to the invention comprise means for 

implementing the features already set out. 



The encoding device and the decoding method and device have 
similar advantages to those already presented. 

5 The invention also relates to a digital apparatus including the device 

according to the invention or means for implementing the method according to 
the invention. This digital apparatus is for example a digital camera, a digital 
camcorder, a scanner, a printer, a photocopier, or a fax machine. The 
advantages of the device and of the digital apparatus are identical to those 
1 0 already set out. 

The invention also relates to an information storage means, which 
can be read by a computer or microprocessor, integrated or not into the device, 
and possibly removable, storing a program implementing the method according 
to the invention. 

15 The invention also relates to a computer program readable by a 

microprocessor and comprising one or more sequences of instructions capable 
of implementing the methods according to the invention. 

The characteristics and advantages of the present invention will 
appear more clearly from a reading of three preferred embodiments illustrated 
by the accompanying drawings, in which: 

- Figure 1 is an embodiment of a device Implementing the invention, 

- Figure 2 represents an encoding device and a corresponding 
decoding device, according to a first embodiment of the invention, 

- Figure 3 represents an embodiment of an encoding method 
according to the first embodiment of the invention, 

- Figure 4 represents an amplitude model used according to the 
present invention, 

- Figure 5 represents a first variant of encoding locations of 
coefficients implemented according to the first embodiment of the invention, 

- Figure 6 represents an example of a signal to be processed 
according to the first embodiment of the invention, 
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- Figure 7 represents an example of a signal to be processed 
according to the first embodiment of the invention, 

- Figure 8 represents an example of a path to encode according to 
the first embodiment of the invention, 

5 - Figures 9 and 10 represent a vector reduction implemented 

according to the first embodiment of the invention, 

- Figure 11 represents a second variant of encoding locations of 
coefficients implemented according to the first embodiment of the invention, 

- Figure 12 represents an example of a path to encode according to 
1 0 the first embodiment of the invention, 

- Figures 13 and 14 represent a vector reduction implemented 
according to the first embodiment of the invention, 

- Figure 15 represents an embodiment of a decoding method 
according to the first embodiment of the invention, 

15 - Figure 16 represents a first variant of decoding locations of 

coefficients implemented according to the first embodiment of the invention, 

- Figure 17 represents a second variant of decoding locations of 
coefficients implemented according to the first embodiment of the invention, 

- Figure 18 represents an encoding device and a corresponding 
20 decoding device, according to a second embodiment of the invention, 

- Figure 19 represents a first variant of an encoding method 
according to the second embodiment of the invention, 

- Figure 20 represents a second variant of an encoding method 
according to the second embodiment of the invention, 

25 - Figure 21 shows an encoding device and a corresponding decoding 

device, according to the third embodiment of the invention, 

- Figure 22 shows an embodiment of an encoding method according 
to the third embodiment of the invention, 

- Figure 23 represents a first variant for putting the coefficients in 
30 order as a function of their locations, 

- Figure 24 represents a second variant for putting the coefficients in 
order as a function of their locations. 




- Figure 25 represents an embodiment of a decoding metliod 
according to the third embodiment of the invention. 

- Figure 26 represents a first variant for putting the coefficients in 
order as a function of their locations, 

5 - Figure 27 represents a second variant for putting the coefficients in 

order as a function of their locations. 

According to the chosen embodiment shown in Figure 1, a device 
implementing the invention is for example a microcomputer 10 connected to 
10 different peripherals, for example a digital moving picture camera 107 (or a 
scanner, or any means of acquiring or storing an image) connected to a 
graphics card and supplying information to be processed according to the 
invention. 

The device 10 comprises a communication interface 112 connected 
15 to a network 113 able to transmit digital data to be processed or conversely to 
transmit data processed by the device. The device 10 also comprises a storage 
means 108 such as a hard disk. It also comprises a drive 109 for a disk 110. 
This disk 110 may for example be a diskette, a CD-ROM, or a DVD-ROM, The 
disk 110 like the hard disk 108 can contain data processed according to the 
20 invention as well as the program or programs implementing the invention which, 
once read by the device 10, will be stored on the hard disk 108. According to a 
variant, the program enabling the device to implement the invention can be 
stored in read-only memory 102 (referred to as ROM in the drawing). In a 
second variant, the program can be received in order to be stored in an 
25 identical fashion to that described previously via the communication network 
113. 

The device 10 is connected to a microphone 111. The data to be 
processed according to the invention will in this case be audio signal. 

This same device has a screen 104 for displaying the data to be 
30 processed or serving as an interface with the user, who can thus parameterize 
certain processing modes, using the keyboard 114 or any other means (a 
mouse for example). 
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The central processing unit 100 (referred to as CPU in the drawing) 
executes the instructions relating to the implementation of the invention, which 
are stored in the read-only memory 102 or in the other storage means. On 
powering up, the processing programs stored in a non-volatile memory, for 
5 example the ROM 102, are transferred into the random access memory RAM 
103, which will then contain the executable code of the invention, as well as 
registers for storing the variables necessary for implementing the invention. 

In more general terms, an information storage means, which can be 
read by a computer or microprocessor, integrated or not into the device, and 
10 which may possibly be removable, stores a program implementing the method 
according to the invention. 

The communication bus 101 affords communication between the 
different elements included in the microcomputer 10 or connected to it. The 
representation of the bus 101 is not limiting and, in particular, the central 
15 processing unit 100 is able to communicate instructions to any component of 
the microcomputer 10 directly or by means of another element of the 
microcomputer 10. 

Figures 2 to 17 concern the first embodiment of the invention. 
20 With reference to Figure 2, the first embodiment of an encoding 

device according to the invention is adapted to encode a digital signal with the 
object of compressing it. The encoding device is integrated into an apparatus, 
which is for example a digital camera, a digital camcorder, a scanner, a printer, 
a photocopier, a fax machine, a database management system, or a computer, 
25 An image source 1 supplies a digital image IM1 to the encoding 

device 2, of which the operation will be detailed below. The encoding includes 
determining a path between the samples of the set. 

The encoding device comprises a transformation circuit 21 
connected to a circuit 22 for calculating an amplitude model and path. The 
30 transformation circuit 21 supplies a transformed image to circuit 22. 

The circuit 22 is connected to an encoding circuit 23 which performs 
an entropy encoding of the previously determined path. 
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The operation of the encoding device will be detailed hereinafter. 
The determination of a path between the data to encode, which the present 
invention relates to, will be more particularly detailed. 

The encoding device provides a file containing data representing the 
5 compressed image to means 3 for transmission and/or storage. These means 
are conventional and will not be described here. 

The means 3 are connected to a decoding device 4 whose operation 
will be detailed below. 

The decoding device comprises a circuit 41 for entropy decoding of 
10 the data which it receives. 

Circuit 41 is connected to a circuit 42 for decoding the amplitude 
model and the path, which associates an amplitude with each decoded 
location. 

Circuit 42 is connected to a circuit 43 for inverse transformation 
1 5 which supplies a decoded image IM2 to a device 5 for viewing the image. 

It should be noted that the encoding device and decoding device 
may be incorporated into the same apparatus, for example the computer 10 of 
Figure 1 . 

20 Figure 3 represents an embodiment of a method of encoding an 

image, according to the first embodiment of the invention. This method is 
implemented in the encoding device and comprises the steps SI to S7. 

The method generally comprises a transformation of the signal to be 
encoded, then the determination of an amplitude model of the coefficients 

25 output from the transforrhation. The locations of these coefficients are next 
encoded according to a method using a path established between the 
coefficients. 

Such an encoding method is described for example in French patent 
application No. 01 06933. 
30 The method is carried out in the form of an algorithm which can be 

stored in whole or in part in any means of information storage capable of 
cooperating with the microprocessor. This storage means is readable by a 



computer or by a microprocessor. The storage means is integrated or not into 
the device, and may be removable. For example, it may comprise a magnetic 
tape, a diskette or a CD-ROM (fixed memory compact disk). 

Step S1 is a linear or non-linear transformation of a digital image IM1 
5 to be processed according to the invention. 

In the preferred embodiment of the invention, the image is divided 
into blocks and then a discrete cosine transformation (DCT) is applied to each 
block, such as that applied under the JPEG standard. 

In variant form, another transformation is used, for example a 
10 discrete wavelet transformation, as in the JPEG2000 standard. 

The following processing is performed block by block. In variant 
form, the processing may be applied globally to the whole image. 

The following step S2 is an initialization at which a first block is 
considered. 

15 The following step S3 consists of classifying the coefficients of the 

current block according to decreasing amplitude. This results in a list P of 
coefficients. 

The following step S4 is the determination of an amplitude model. 
For this, a function for approximating the series of the classified coefficients is 
20 determined. This function is for example a decreasing exponential defined by a 
set of parameters which are determined by regression. French patent 
application No. 01 06933 describes this step in detail. 

Figure 4 represents an example of an amplitude model A. A value 
25 A(k) provided by the amplitude model corresponds to each integer value k 
along the x-axis. The value A(k) is an approximation of the amplitude of the k^ 
coefficient classified in decreasing order. 
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The following step S5 is the encoding of the locations of the 
coefficients of the current block. 

Two variants of this step are detailed below. 
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The following step S6 is a test to determine whether the current 
block is the last block of the image to encode. 

If the response is negative, that step is followed by the step S7 at 
which a following block is considered. Step S7 is followed by the previously 
5 described step S3. 

If the response is positive at step S6, then the encoding of the image 
is terminated. 

The first variant of step S5 of encoding the locations of the 
10 coefficients of the current block is detailed in Figure 5 in the form of an 
algorithm comprising steps S50 to S67. 

Step S50 is a transformation of the bidimensional signal into a 
monodimensional signal. For this, a zig-zag path is followed through the block 
B. As represented in Figure 6, in the block B of 8x8 coefficients, the diagonals 
15 of the coefficients oriented from bottom left to top right are considered. The 
path begins at the top left. The path passes through the diagonals either from 
bottom left to top right, or in the opposite sense. For a given diagonal, the 
direction of the path is the direction opposite to that of the preceding diagonal. 

Following this path direction causes the coefficients to be arranged in 
20 a monodimensional vector V containing 64 coefficients. 

In variant form, as represented in Figure 7, block B is passed 
through line by line, from left to right and from top to bottom, in order to form a 
monodimensional signal. 

The following step S51 is the determination of a path in the vector V. 
25 A path is determined by an initial coefficient and the list of the 

vectors joining the other coefficients. Each coefficient of the path different from 
the initial coefficient is represented by a vector describing its location with 
respect to the preceding coefficient in the path. It should be noted that the path 
does not necessarily include all the coefficients of the current vector. This is 
30 because it is possible to encode only part of the coefficients and to set the 
other coefficients to the value zero at the time of later encoding. 
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For example, Figure 8 represents a path comprising ten coefficients 
of which the locations Xi to Xio are connected by nine vectors Vi to V9. 

In what follows, the locations {xi, X2, .... Xn} of coefficients in the 
vector V are considered, where n is an integer equal to the number of 
5 coefficients of the path. 

The following step S52 is an initialization at which a binary encoding 
parameter ACx is associated with each of the locations x of the vector V. All the 
encoding parameters ACx are set to the value zero at step S52. 

For the following processing, the encoding parameter ACx has the 
10 value zero if the location x has not yet been encoded, and has the value one 
once the location x has been encoded. 

The following step S53 is an encoding of the first location xi of the 
path. The parameter ACxi which is associated with it is set to the value one. 

The following step S54 is an initialization at which a parameter i is 
1 5 initialized to the value one. 

At the following step S55, the vector V| = Xj+i - x\ is considered. A 
location parameter x is set to the value Xj. 

The following step S56 is a test to determine if the current vector Vj 
is oriented in one direction or the other. For example an axis of coordinates of 
20 which the origin is at Xi is considered. Along that axis, the vector Vi (Figure 8) is 
positive whereas the vector V2 is negative. 

When the current vector Vi is positive, step S56 is followed by step 
S57 at which the location parameter x is incremented by one unit, in order to 
consider the location immediately to the right of the current location. 
25 The following step S58 is a test to determine whether the encoding 

parameter of location x has the value one, that is to say whether location x has 
already been encoded. 

If the response is positive, then step S58 is followed by step S59 at 
which the value of the current vector Vj is decremented by one unit, so as to 
30 "skip" the location already encoded. 

If the response is negative at step S58, this step is followed by the 
step S60. In the same way, step S59 is followed by the step S60. 
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Step S60 is a test to determine whether the current value of the 
location parameter x is equal to Xi+i. 

If the response is negative, that means that all the locations between 
the positions Xj and Xi+i have not yet been considered. Step S60 is then 
5 followed by the previously described step S57. 

If the response is positive at step S60. that means that all the 
locations between the positions Xj and Xi+i have been tested in order to know 
whether they have already been encoded or not. The length of vector Vj has 
been reduced by the number of locations met that were already encoded. 

10 

When the current vector Vj is negative, step S56 is followed by step 
S61 at which the location parameter x is decremented by one unit, in order to 
consider the location immediately to the left of the current location. 

The following step S62 is a test to determine whether the encoding 
1 5 parameter of location x has the value one, that is to say whether location x has 
already been encoded. 

If the response is positive, then step S62 is followed by step S63 at 
which the value of the current vector Vj is incremented by one unit, so as to 
"skip" the location already encoded. 
20 If the response is negative at step S62, this step is followed by the 

step S64. In the same way, step S63 is followed by the step S64. 

Step S64 is a test to determine whether the current value of the 
location parameter x is equal to Xj+i. 

If the response is negative, that means that all the locations between 
25 the positions Xj and Xj+i have not yet been considered. Step S64 is then 
followed by the previously described step S61 . 

If the response is positive at step S64, that means that all the 
locations between the positions X| and Xi+i have been tested in order to know 
whether they have already been encoded or not. The length of vector Vj has 
30 been reduced by the number of locations met that were already encoded. 

Steps S60 and S64 are followed by the step S65 which is the 
entropy encoding of the current vector Vj. 
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The encoding parameter ACx^i of the location Xi+i is set to the value 

1. 

The following step S66 is a test to determine whether the parameter 1 
has the value n-1, i.e. whether all the vectors to be encoded have been 
5 processed. 

If the response is negative, then step S66 is followed by the step 
S67 at which the parameter i is incremented by one unit in order to consider a 
following vector. Step S67 is followed by the previously described step S55. 

When the response is positive at step S66, the encoding of the path 
10 according to the invention is terminated. 

Figure 9 represents the application of the vector reduction according 
to the first embodiment of the invention. 

The vector Vj determined at step S55 has a length of five locations 
between the locations Xj and Xj+i. Three of the locations between Xj and Xi+i 
1 5 have already been encoded and are represented by crosses. 

The result of the processing of vector Vj is to reduce the length of 
that vector by three, so as to skip the locations already encoded. The resulting 
vector V'i has a length of two locations corresponding to the intermediate 
location not yet encoded and to the location of Xj+i. 
20 Figure 10 represents the application of the vector reduction to the 

vectors of Figure 8. 

The total amplitude of the vectors is 33 before processing according 
to the invention. It is 28 by virtue of the invention. 

The vectors are shorter, which reduces the information to be 
25 transmitted and which corresponds to an increase in compression. 

The second variant of step S5 of encoding the locations of the 
coefficients of the current block is detailed in Figure 11 in the form of an 
algorithm comprising steps S500 to S515. 
30 Step S500 is the determination of a path in the current block. 

In a similar manner to the first variant, a path is determined by an 
initial coefficient and the list of vectors joining the other coefficients. Each 
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coefficient of the path different from the initial coefficient is represented by a 
vector describing its location with respect to the preceding coefficient in the 
path. It should be noted that the path does not necessarily include all the 
coefficients of the current block. This is because it is possible to encode only 
5 part of the coefficients and to set the other coefficients to the value zero at the 
time of latisr encoding. 

For example, Figure 12 represents a path comprising six coefficients 
of which the locations are connected by five vectors Vi to V5. The locations of 
the coefficients of the path are located by their coordinates (xi, yi), (X2, y2), . 
10 (xe, ye) in a coordinate system of two dimensional space. 

In what follows, the locations {(xi, y^), (X2, y2)- (Xn. yn)} of 
coefficients in the current block are considered, where n is an integer equal to 
the number of coefficients of the path. 

The following step S501 is an initialization at which a binary 
15 encoding parameter ACxy is associated with each of the locations (x, y) of the 
current block. All the encoding parameters ACxy are set to the value zero at 
step S501. 

For the following processing, the encoding parameter ACxy has the 
value zero if the location (x, y) has not yet been encoded, and has the value 
20 one once the location (x, y) has been encoded. 

The following step S502 is an encoding of the first location (xi. yi) of 
the path. The parameter ACxiyi which is associated with it is set to the value 
one. 

The following step S503 is an initialization at which a parameter i is 
25 initialized to the value one. 

The following step S504 is a test to determine whether the 
coordinate Xj is greater than the coordinate y\. 

If the response is negative, step S504 is followed by the step S505 
which is a test to determine whether the coordinate Xj+i is greater than the 
30 coordinate Xj. 
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If the response is positive at step S504, then step S504 is followed 
by the step S506 which is a test to determine whether the coordinate yi+i is 
greater than the coordinate yi. 

When the response is positive at step S505, that step is followed by 
5 the step S507 at which the current vector V| is decomposed into two vectors Xj 
and Yj. 

The vector Xj is equal to:Xi+i - Xj and the vector Yj is equal to: yi+i - y\. 

The following step S508 is the reduction of the vector Xj. That 
reduction is similar to the reduction of a monodimensional vector described in 
10 the first variant. The monodimensional vector which is considered here is 
between the points (Xj, yi+i) and (Xi+i, yi+i). 

When the response is negative at step S505, or when the response 
is positive at step S506, that step is followed by the step S509 at which the 
current vector Vi is decomposed into two vectors Xj and Yj. 
1 5 The vector Xj is equal to:Xi+i - x, and the vector Yj is equal to: yi+i - yj. 

The following step S510 is the reduction of the vector Yj. That 
reduction is similar to the reduction of a monodimensional vector described in 
the first variant. The monodimensional vector which is considered here is 
between the points (Xi+i, y\) and (Xi+i, yi+i). 
20 When the response is positive at step S506, that step is followed by 

the step S51 1 at which the current vector Vj is decomposed into two vectors Xj 
and Yi. 

The vector Xj is equal to: Xi+i - Xj and the vector Y| is equal to: yi+i - y^ 
The following step S512 is the reduction of the vector Xj. That 
25 reduction is similar to the reduction of a monodimensional vector described in 
the first variant. The monodimensional vector which is considered here is 
between the points (Xi. yi+i) and (Xj+i, yi+i). 

Steps S508, S510. and S512 are followed by the step S513 which is 
the entropy encoding of the current vector Vj. 
30 The encoding parameter ACxHiyni of the location (Xj+i, yi+i) is set to 

the value one. 



The following step S514 is a test to determine whether the 
parameter i has the value n-1 , i.e. whether all the vectors to be encoded have 
been processed. 

If the response is negative, then step S514 is followed by the step 
5 S515 at which the parameter i is incremented by one unit in order to consider a 
following vector. Step S515 is followed by the previously described step S504. 

When the response is positive at step S514, the encoding of the 
path according to the invention is terminated. 

10 Figure 13 represents the application of the vector reduction 

according to the second variant of the first embodiment of the invention. 

The vector Vj determined at step S500 extends between the 
locations (xi, y\) and (Xj+i, yj+i). The locations already encoded are represented 
by crosses. 

15 The vector Vj is decomposed into two vectors Xj and Y|. In the case 

represented, it is the vector Xj which is reduced (step S512). 

The length of the resulting vector V'i is reduced with respect to the 
original vector Vj. 

20 Figure 14 represents the application of the vector reduction to the 

vectors of Figure 12. 

The total amplitude of the vectors is 15.65 before processing 

according to the invention and 14.13 after processing. The amplitudes have 

been measured in Euclidean distance. 
25 The vectors are shorter, which reduces the information to be 

transmitted and which corresponds to an increase in compression. 

Figure 15 represents a first embodiment of a method of decoding 
data previously encoded according to the method of Figure 3. 
30 This method is implemented in the decoding device and comprises 

the steps S20 to S27. 
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The method is carried out in the form of an algorithm which can be 
stored in whole or in part in any means of information storage capable of 
cooperating with the microprocessor. This storage means is readable by a 
computer or by a microprocessor. The storage means is integrated or not into 
5 the device, and may be removable. For example, it may comprise a magnetic 
tape, a diskette or a CD-ROM (fixed memory compact disk). 

Step S20 is an initialization at which the encoding data of the first 
block are considered. 

The following step S21 is the decoding of the amplitude model. The 
1 0 result is the amplitude model of the coefficients of the current block. 

Step S20 is also followed by step S22 which is the decoding of the 
coordinates of the coefficients. This decoding will be detailed below. The path is 
decoded to provide the locations of the coefficients in the decoded block. 

Steps S21 and S22 are followed by step S23 which is the 
15 association of an amplitude with each decoded location. For this, a value 
provided by the amplitude model is attributed to each coefficient location 
determined at step S22. The location of the K*^ coefficient decoded receives the 
K^^ component of the code vector constituting the amplitude model. 

The following step S24 is the setting to zero of the locations of the 
20 block which were not in the path. The result of steps S23 and S24 is a block B\ 

The following step S25 is an inverse DCT transformation of the block 
B' obtained at the preceding step. 

The following step S26 is a test to determine whether the current 
block is the last block to decode. 
25 If the response is negative, this step is followed by the step S27 at 

which a following block is considered. Step S27 is followed by the previously 
described steps S21 and S27. 

If the response is positive at step S26, then the decoding of the 
image is terminated. 

30 

A first variant of the step S22 of decoding the path is detailed with 
reference to Figure 16 in the form of an algorithm comprising steps S220 to 
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S236. This is tlie case in which the path is formed in a monodimensional 
vector. 

Step S220 is an initialization at which a binary decoding parameter 
ADx is associated with each of the locations x of the current monodimensional 
5 vector. All the decoding parameters ADx are set to the value zero at step S220. 

For the following processing, the decoding parameter ADx has the 
value zero if the location x has not yet been decoded, and has the value one 
once the location x has been decoded. 

The following step S221 is a decoding of the first location xi of the 
10 path. The parameter ADxi which is associated with it is set to the value one. 

The following step S222 is an initialization at which a parameter i is 
initialized to the value one. 

At the following step S223, the vector Vj is decoded. The location Xi+i 
= Vj + Xj is considered. A location parameter x is set to the value X\. 
15 The following step S224 is a test to determine if the current vector Vj 

is oriented in one direction or the other. For example an axis of coordinates of 
which the origin is at xi is considered. Thus, as for the encoding, it is tested 
here whether the vector Vj is positive or negative. 

When the current vector Vj is positive, step S224 is followed by step 
20 S225 at which the location parameter x is incremented by one unit, in order to 
consider the location immediately to the right of the current location. 

The following step S226 is a test to determine whether the decoding 
parameter of location x has the value one, that is to say whether location x has 
already been decoded. 
25 If the response is positive, step S226 is followed by step S227 at 

which the value of the location Xj+i is incremented by one unit, so as to "skip" 
the location already decoded. 

If the response is negative at step S226, this step is followed by the 
step S228. In the same way, step S227 is followed by the step S228. 
30 Step S228 is a test to determine whether the current value of the 

location parameter x is equal to Xj+i. 
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If the response is negative, that means that all the locations between 
the positions Xj and Xj+i have not yet been considered. Step S228 is then 
followed by the step S225 already described. 

If the response is positive at step S228, that means that all the 
5 locations between the positions Xj and Xi+i have been tested in order to know 
whether they have already been decoded or not. The location of the coefficient 
Xi+1 has been deduced from the location of Xj and from the reduced vector Vj, 
taking into account the locations encountered that have already been decoded. 



10 When the current vector V| is negative, step S224 is followed by step 

S229 at which the location parameter x is decremented by one unit, in order to 
consider the location immediately to the left of the current location. 

The following step S230 is a test to determine whether the decoding 
parameter of location x has the value one, that is to say whether location x has 
1 5 already been decoded. 

If the response is positive, step S230 is followed by step S231 at 
which the value of the location Xj+i is decremented by one unit, so as to "skip" 
the location already decoded. 

If the response is negative at step S230, this step is followed by the 
20 step S232. In the same way, step S231 is followed by the step S232. 

Step S232 is a test to determine whether the current value of the 
location parameter x is equal to xki. 

If the response is negative, that means that all the locations between 
the positions Xf and Xi+i have not yet been considered. Step S232 is then 
25 followed by the step S229 already described. 

If the response is positive at step S232, that means that all the 
locations between the positions Xj and Xi+i have been tested in order to know 
whether they have already been decoded or not. The location of the coefficient 
Xi+1 has been deduced from the location of Xj and from the reduced vector Vj, 
30 taking into account the locations encountered that have already been decoded. 
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Steps S228 and S232 are followed by the step S233 at which the 
decoding parameter ADxi+i of the location Xi+i is set to the value one. 

The following step S234 is a test to determine whether the 
parameter 1 has the value n-1, i.e. whether all the vectors to be decoded have 
5 been processed. 

If the response is negative, then step S234 is followed by the step 
E235 at which the parameter i is incremented by one unit in order to consider a 
following vector. Step S235 is followed by the step S223 already described. 

When the response is positive at step S234, that step is followed by 
10 the step S236 which is the transformation of the monodimensional vector into a 
bidimensional block. 

The second variant of step S22 of decoding the locations, of the 
coefficients of the current block Is detailed In Figure 17 in the form of an 
15 algorithm comprising steps S2200 to S2211. This embodiment corresponds to 
the case of the encoding of vectors formed directly in the bidimensional code- 
block. 

Step S2200 is an initialization at which a binary decoding parameter 
ADxy is associated with each of the locations (x, y) of the current block. All the 
20 decoding parameters ADxy are set to the value zero at step S2200. 

For the following processing, the decoding parameter ADxy has the 
value zero if the location (x, y) has hot yet been decoded, and has the value 
one once the location (x, y) has been decoded. 

The following step S2201 is a decoding of the first location (xi, yi) of 
25 the path. The parameter ADxiyi which Is associated with it is set to the value 
one. 

Furthermore, a parameter i is initialized to the value one. 
At the following step S2202, the vector Vj is decoded. The vector Vj 
is composed of a vector Xj and a vector Yj. The location (Xj+i, yi+i) is considered 
30 such that: 

Xi+1 = Xi + Xj. 
yi+1 = Yi + yi. 
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The following step S2203 is a test to determine whether the 
coordinate Xj is greater than the coordinate y\. 

If the response is negative, step S2203 is then followed by the step 
5 S2204 which is a test to determine whether the coordinate X|+i is greater than 
the coordinate Xj. 

If the response is positive at step S2203, then step S2203 is followed 
by the step S2205 which is a test to determine whether the coordinate yi+i is 
greater than the coordinate yi. 

10 When the response is positive at step S2204, that step is followed by 

the step S2206 at which the vector Xj is processed as a monodimensional 
vector (first variant). The monodimensional vector which is considered here is 
formed between the points (Xi, yi+i) and (Xi+i, yi+i). After increasing the 
monodimensional vector, the coordinate Xi+i is then equal to: Xj + Xj. 

15 When the response is negative at step S2204, or when the response 

is positive at step S2205, that step is followed by the step S2207 at which the 
vector Yi is processed as a monodimensional vector (first variant) The 
monodimensional vector which is considered here is formed between the points 
(Xi+1, yj) and (Xi+i, yi+i). After increasing the monodimensional vector, the 

20 coordinate yi+i is then equal to: yj + Yj. 

When the response is negative at step S2205, that step is followed 
by the step S2208 at which the vector Xj is processed as a monodimensional 
vector (first variant). The monodimensional vector which is considered here is 
formed between the points (Xj, yj+i) and (Xj+i, yj+i). After increasing the 

25 monodimensional vector, the coordinate Xj+i is then equal to: Xj + Xj. 

Steps S2206. S2207 and S2208 are followed by the step S2209 at 
which the decoding parameter ADxi*iyi+i of the location (Xj+i, yi+i) is set to the 
value one. 

The following step S2210 is a test to determine whether the 
30 parameter i has the value n-1 , i.e. whether all the vectors to be decoded have 
been processed. 
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If the response is negative, then step S2210 is followed by the step 
S221 1 at which the parameter i is incremented by one unit in order to consider 
a following vector. Step S2211 is followed by the previously described step 
S2202. 

5 When the response is positive at step S2210, the decoding of the 

path according to the invention is terminated. 

Figures 18 to 21 concern the second embodiment of the invention. 

10 With reference to Figure 18, an embodiment of an encoding device 

3a according to the second embodiment of the invention is adapted to encode 
a digital signal with the object of compressing it. The encoding device is 
integrated into an apparatus, which is for example a digital camera, a digital 
camcorder, a scanner, a printer, a photocopier, a fax machine, a database 

1 5 management system, or a computer. 

A digital camera 1a acquires a digital image IM. The image is 
transmitted to an encoding device 2a of which the operation will be detailed in 
what follows with the help of algorithms. 

The encoding device comprises a transformation module 21a. 

20 According to the invention, it comprises: 

- means 22a for determining a number of samples to encode. 

- means 23a for constructing a list comprising the determined 
number of samples, classified by decreasing amplitude. 

Finally, it comprises a module 24a for actual encoding. 
25 The encoded image may be transmitted by a transmission module 

3a operating conventionally, to a decoding device 4a. As a variant, the encoded 
image is simply stored in memory to be decoded later. 

The decoded image IM' may for example be transmitted to a display 

device 5a. 

30 
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Figure 19 represents a first variant of a method of encoding an 
image, according to the second embodiment of the invention. This method is 
implemented in the encoding device and comprises steps S1a to S1 1a. 

The method generally comprises a transformation of the signal to be 
5 encoded, then the determination of an amplitude model of the coefficients 
output from the transformation. The locations of these coefficients are next 
encoded according to a method using a path established between the 
coefficients. 

Such an encoding method is described for example in French patent 
10 application No. 01 06933. 

The method is carried out in the form of an algorithm which can be 
stored in whole or in part in any means of information storage capable of 
cooperating with the microprocessor. This storage means is readable by a 
computer or by a microprocessor. The storage means is integrated or not into 
15 the device, and may be removable. For example, it may comprise a magnetic 
tape, a diskette or a CD-ROM (fixed memory compact disk). 

Step SI a is a linear or non-linear transformation of a digital image IM 
to be processed according to the invention. 

In the preferred embodiment of the invention, the transformation is a 
20 discrete cosine transformation (DCT) by blocks, such as that applied under the 
JPEG standard. 

In variant form, another transformation is used, for example a 
discrete wavelet transformation, as in the JPEG2000 standard. 

The following processing is performed block by block, since the DCT 
25 transformation generates blocks. If the transformation does not generate 
blocks, the processing is applied globally to the entire image. 

The following step S2a Is an initialization at which a first block is 
considered. 

The following step S3a consists of classifying the coefficients of the 
30 current block according to decreasing amplitude. This results in a list P of 
coefficients. 
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The following step S4a is the determination of an amplitude model. 
For this, a function for approximating the series of the classified coefficients is 
determined. This function is for example a decreasing exponential defined by a 
set of parameters which are determined by regression. French patent 
5 application No, 01 06933 describes this step in detail. 

Figure 4 shows an example of an amplitude model A. A value A(k) 
supplied by the amplitude model corresponds to each integer value k along the 
X-axis. The value A(k) is an approximation of the amplitude of the k*^ coefficient 
10 classified in decreasing order. 

The following step S5a is the determining of an encoding cost 
associated with the list P. The cost of encoding a block is the function C = R + 
X.D, in which R represents the rate of transmission of the encoded form of the 
15 block, D represents the distortion generated in the block reconstructed after 
encoding and decoding, with respect to the original image, and X is a parameter 
of adjustment between compression of the image and distortion generated by 
the encoding. 

It should be noted that the distortion is calculated by performing the 
20 sum of the squared errors between the amplitude of each coefficient of the 
block and the amplitude which it will have after decoding. 

The following step S6a is the storage in memory of the list P as the 
optimum list Popt, if the encoding cost C calculated at the previous step is less 
than the encoding cost of the optimum list Popt previously stored in memory. 
25 When this step is gone through the first time, the current list is stored as the 
optimum list. 

The following step S7a is a test to determine whether the current list 
P has zero length. 

If the response is negative, this step is followed by the step S8a at 
30 which the current list P is modified. The last sample is withdrawn from the list, 
which results in a new list. Step S8a is followed by the previously described 
step S5a. 
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If the response is positive at step S7a, that step is followed by the 
step S9a which is the encoding of the current block with the list Popt i.e. with the 
list which provides the lowest encoding cost. That step is also detailed in 
French patent application No. 01 06933. 
5 That step connprises the encoding of the locations of the coefficients 

based on the list Popt- To do this, a path is determined by an initial coefficient 
and the list of vectors joining the other coefficients. Each coefficient of the path 
different from the initial coefficient is represented by a vector describing its 
location with respect to the preceding coefficient in the path. It should be noted 
10 that the path does not necessarily include all the coefficients of the current 
block. This is because it is possible to encode only part of the coefficients and 
to set the other coefficients to the value zero at the time of later encoding. 

Once the path has been determined, the coordinates of the initial 
coefficient are encoded by binary encoding and the vectors are encoded by 
1 5 entropic encoding. 

The encoded form of a block of the image comprises an amplitude 
model which supplies an approximation of the amplitude of the coefficients and 
a path which supplies an ordered series of the locations of the coefficients. The 
location of the k*^ coefficient of this series is determined by the path and its 
20 amplitude is determined by the y-coordinate corresponding to the x-coordinate 
k according to the amplitude model. 

The following step S10a is a test to determine whether the current 
block is the last block of the image to encode. 

If the response is negative, this step is followed by the step SI la at 
25 which a following block is considered. Step SI la is followed by the previously 
described step S3a. 

If the response is positive at step SlOa, then the encoding of the 
image is terminated. 

30 Figure 20 shows a second variant of a method of encoding an 

image, according to the second embodiment of the invention. This method is 
implemented in the encoding device and comprises the steps S20a to S28a. 
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Here too, the method generally comprises a transformation of the 
signal to be encoded, then the determination of an amplitude model of the 
coefficients output from the transformation. The locations of these coefficients 
are next encoded according to a method using a path established between the 
5 coefficients. 

Such an encoding method is described for example in French patent 
application No. 01 06933. 

Here the invention concerns the initialization of the evolutionary 
calculation, and more particularly the determination of an initial population of 
10 lists of coefficients. This population comprises a predetermined number of 
individuals. 

The method is carried out in the form of an algorithm which can be 
stored in whole or in part in any means of information storage capable of 
cooperating with the microprocessor. This storage means is readable by a 
15 computer or by a microprocessor. The storage means is integrated or not into 
the device, and may be removable. For example, it may comprise a magnetic 
tape, a diskette or a CD-ROM (fixed memory compact disk). 

The encoding of a block of the image is considered here. The block 
considered comprises L coefficients. 
20 Step S20 is an initialization at which the number N of coefficients of 

the list to construct is initialized to the value L. 

The following step 821 a is the construction of a list of coefficients 
which comprises the N largest coefficients of the block, classified in order of 
decreasing amplitude. 
25 The following step S22a is the addition of the current list P to the 

initial population of the evolutionary algorithm. 

The following step S23a is a test to determine whether the initial 
population comprises the desired number of individuals, which here are lists. 

If the response is negative, that step is followed by the step S24a 
30 which is a test to determine if the current list P is of zero length. 

If the response is negative at step S24a, that step is followed by step 
S25a which is a modification of the number N of coefficients of the list. For 
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example, the number N is reduced by 10 % and rounded to the nearest whole 
integer. Step S25a is followed by the previously described step S21a. 

If the response is positive at step S24a, it is no longer possible to 
construct lists with coefficients of the block in the manner set out above and 
5 that step is followed by the step S26a at which the population is completed with 
lists picked randomly. 

The following step S27a is the calculation of a list of coefficients by 
evolutionary calculation, based on lists constructed by the preceding steps as 
initial lists population. This calculation is performed as In French patent 
10 application No. 0106933 and will not be described here. 

If the response is positive at step S23a, this means that the number 
of lists of the initial population has been reached. That step is then followed by 
step S27a already described. 

Step S27a is followed by step S28a which Is the encoding of the 
15 current block on the basis of the. list obtained at step S27a. Here too, the 
encoding is performed as in French patent application No. 0106933. 

Figures 21 to 27 concern the third embodiment of the invention. 

20 With reference to Figure 21, an embodiment of an encoding device 

3b according to the third embodiment of the invention is adapted to encode a 
digital signal with the object of compressing It. The encoding device is 
integrated into an apparatus, which is for example a digital camera, a digital 
camcorder, a scanner, a printer, a photocopier, a fax machine, a database 

25 management system, or a computer. 

A digital camera lb acquires a digital image IM. The image is 
transmitted to an encoding device 2b of which the operation will be detailed in 
what follows with the help of algorithms. 

The encoding device comprises means 22b for determining an 

30 amplitude model of the coefficients and a path between the coefficients. 
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According to the invention, it further comprises prior means 21b for 
putting the coefficients in order as a function of their respective locations in the 
set of data. 

The encoded image may be transmitted by a transmission module 
5 3b operating conventionally, to a decoding device 4b. As a variant, the encoded 
image is simply stored in memory to be decoded later. 

The decoding device comprises means 41b for decoding an 
amplitude model of the coefficients and a path between the coefficients, so as 
to form a first set of decoded coefficients. 
10 According to the invention, it comprises means 42b for putting the 

decoded coefficients in order as a function of their respective locations in the 
first set of decoded coefficients so as to form a second decoded set. 

The decoded image IM' may for example be transmitted to a display 

device 5b. 

15 The operation of the decoding device will be detailed below using 

algorithms. 

Figure 22 shows an embodiment of a method of encoding an image, 
according to the third embodiment of the invention. This method is implemented 
20 in the encoding device and comprises the steps Sib to S9b. 

The method generally comprises a transformation of the signal to be 
encoded, then the determination of an amplitude model of the coefficients 
output from the transformation. The locations of these coefficients are next 
encoded according to a method using a path established between the 
25 coefficients. 

Such an encoding method is described for example in French patent 
application No. 01 06933. 

The method is carried out in the form of an algorithm which can be 
stored in whole or in part in any means of information storage capable of 
30 cooperating with the microprocessor. This storage means is readable by a 
computer or by a microprocessor. The storage means is integrated or not into 
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the device, and may be removable. For example, it may comprise a magnetic 
tape, a diskette or a CD-ROM (fixed memory compact disk). 

Step S1b is the division of the image to be processed into blocks. 
The blocks are adjacent and are for example of square form comprising 8x8 
5 samples. 

The following step S2b is an initialization at which a first block is 
considered. 

The following step S3b is a linear or non-linear transformation of the 
current block. 

10 In the preferred embodiment of the invention, the transformation is a 

discrete cosine transformation (DCT) as for the JPEG standard. 

In variant form, another transformation is used, for example a 
discrete wavelet transformation, as in the JPEG2000 standard. 

In the following step S4b, the coefficients of the current block Bj are 
1 5 put in order as a function of their respective locations in the block. 

According to a first variant represented in Figure 23, a zig-zag path 
is followed through block B\. 

In block Bi, the diagonals of coefficients oriented from bottom left to 
top right are considered. The path begins at the top left. The path passes 
20 through the diagonals either from bottom left to top right, or in the opposite 
sense. For a given diagonal, the direction of the path is the direction opposite to 
that of the preceding diagonal. 

Following this path direction causes the coefficients to be arranged in 
a one-dimensional vector V containing 64 coefficients. 
25 According to a second variant represented in Figure 24, step S4b 

comprises two sub-steps S41b and S42b. During sub-step S41b, block B| is 
divided into four blocks, termed sub-blocks, each being of 4x4 coefficients. 

The following sub-step S42b is the aggregation of the sub-blocks 
previously formed in a three-dimensional table. For this, the sub-blocks are 
30 considered in lexicographical order (from top left to bottom right). In this order, 
they are stacked up beginning at the highest level. The result is a three- 
dimensional table T with 4x4x4 coefficients. 
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With reference again to Figure 22, step S4b is followed by step S5b 
which is a classification of the coefficients by decreasing amplitude. 

It should be noted that due to the DCT transformation, the 
coefficients of highest amplitude have more chance of being at the top left of 
5 the 8x8 block resulting from the transformation. 

Thus, in the first variant, the coefficients of greatest amplitude have 
more chance of being at the start of the vector V. The work of classification is 
thus partially made during the previous step, or at least is facilitated by that 
step. 

10 In the second variant, the coefficients of greatest amplitude have 

more chance of being at the highest level of table T. 

The classification is performed in conventional manner, for example 
by bubble sorting. This results in a list P of coefficients classified by decreasing 
amplitude. 

1 5 The following step S6b is the determination of an amplitude model. 

For this, a function for approximating the list P of the classified coefficients is 
determined. This function is for example a decreasing exponential defined by a 
set of parameters which are determined by regression. French patent 
application No. 01 06933 describes this step in detail. 

20 

Figure 4 shows an example of an amplitude model A. A value A(k) 
supplied by the amplitude model corresponds to each integer value k along the 
X-axis. The value A(k) is an approximation of the amplitude of the k*^ coefficient 
classified in decreasing order. 

25 

The following step S7b is the encoding of the locations of the 
coefficients in the vector V or in the table T. To do this, a path is determined by 
an initial coefficient and the list of vectors joining the other coefficients. Each 
coefficient of the path different from the initial coefficient is represented by a 
30 vector describing its location with respect to the preceding coefficient in the 
path. It should be noted that the path does not necessarily include all the 
coefficients of the current block. This is because it is possible to encode only 
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part of the coefficients and to set tlie other coefficients to the value zero at the 
time of later encoding. 

It should be noted that in the first variant, the coordinates of the initial 
coefficient and vectors are one-dimensional, whereas in the second variant the 
5 coordinates are three-dimensional. 

Once the path has been determined, the coordinates of the initial 
coefficient are encoded by binary encoding and the vectors are encoded by 
entropy encoding. 

The encoded form of a block of the image comprises an amplitude 
10 model which supplies an approximation of the amplitude of the coefficients and 
a path which supplies an ordered series of the locations of the coefficients. The 
location of the k**^ coefficient of this series is determined by the path and its 
amplitude is determined by the y-coordinate corresponding to the x-coordinate 
k according to the amplitude model. 
15 The following step S8b is a test to determine whether the current 

block is the last block of the image to encode. 

If the response is negative, this step is followed by the step S9b at 
which a following block is considered. Step S9b is followed by the previously 
described step S3b. 

20 If the response is positive at step S8b, then the encoding of the 

image is terminated. 

Figure 25 represents an embodiment of a method of decoding data 
previously encoded according to the method of Figure 22. 

This method is implemented in the decoding device and comprises 
the steps S20b to S27b. 

The method is carried out in the form of an algorithm which can be 
stored in whole or in part in any means of information storage capable of 
cooperating with the microprocessor. This storage means is readable by a 
computer or by a microprocessor. The storage means is integrated or not into 
the device, and may be removable. For example, it may comprise a magnetic 
tape, a diskette or a CD-ROM (fixed memory compact disk). 
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Step S20b is an initialization at which the encoding data of the first 
block are considered. 

The following step S21b is the decoding of the amplitude model. The 
result is the amplitude model of the coefficients of the current block. This 
5 decoding is carried out as set out In the French patent application No. 01 
06933. 

The following step S22b is the decoding of the coordinates of the 
coefficients. This decoding is carried out as set out in the French patent 
application No. 01 06933. The path is described in order to provide the 
1 0 locations of the coefficients in the vector V of the table T. 

The following step S23b is the construction of the vector V of the 
table T. For each coefficient of which the coordinates have been decoded at 
the preceding step, the order of the coefficient in the path determines its 
amplitude, since the k^ coefficient of the path receives the amplitude A(k) 
1 5 corresponding to the x-coordinate k according to the amplitude model. 

The result of step S23b is a decoded vector V or table T. 

The following step S24b performs the reverse operations to those of 
step S4b at the time of encoding. The coefficients of the vector V or of the table 
T are ordered as a function of their respective locations in the vector V or table 
20 T to form a decoded block BV 

According to the first variant represented in Figure 26, the 
coefficients of the vector V are considered one after the other, from first to last, 
and are arranged in the block B'j following the same zig-zag path as for 
encoding. 

25 According to the second variant represented in Figure 27, the levels 

of the table T are considered starting with the highest level, and are then 

arranged in lexicographical order in the block BV 

The following step S25b is an inverse DCT transformation of the 

block B'i obtained at the preceding step. 
30 The following step S26b is a test to determine whether the current 

block is the last block to decode. 
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If the response is negative, this step is followed by the step S27b at 
which a following block is considered. Step S27b is followed by the previously 
described step S21b. 

If the response is positive at step S26b, then the decoding of the 
image is terminated. 

Of course, the present invention is in no way limited to the 
embodiments described and represented, but encompasses, on the contrary, 
any variant form within the capability of the person skilled in the art. 



